The step after conservative treatment of periappendicular abscess arouses controversy, ranging from recommendations to abandon interval appendectomy based on low recurrence rates of the precipitating diagnosis to performing routine interval appendectomy owing to novel findings of increased neoplasm risk at interval appendectomy. To our knowledge, there are no randomized clinical trials with sufficient patient numbers comparing these treatments.
C omplicated and uncomplicated cases of appendicitis follow different epidemiological patterns, which suggest that there are different pathophysiological processes behind these 2 different forms of appendicitis. 1, 2 In 3% to 10% of patients, complicated acute appendicitis involves the formation of a closed, circumscribed periappendicular abscess at presentation. 3, 4 The clinically established practice of antibiotic therapy and drainage, if necessary, has been shown to be safe and effective, allowing the acute inflammatory process to subside in more than 90% of cases without surgery. 3, 5 The need of subsequent interval appendectomy in complicated acute appendicitis presenting with a periappendicular abscess has recently been questioned, with appendicitis recurrence risk varying between 5% to 26%. 3, [6] [7] [8] [9] Most of the recurrences happen within 6 months, and after the first year, the risk further decreases. 3, [7] [8] [9] Early appendectomy in the acute phase has been advocated for in adult patients because it is associated with fewer readmissions and additional interventions compared with nonoperative treatment, 10 but in a pediatric population, no differences between these 2 strategies was found. 11 Both early and delayed approaches to appendectomy offer the advantage of a definitive histopathological diagnosis. The reported risk of an underlying malignant neoplasm in acute appendicitis is very low, varying between 0.7% and 3%. 3, 9, 12, 13 However, recent studies have reported alarming appendiceal neoplasm rates detected during interval appendectomy in patients with previous periappendicular abscess, especially in patients older than 40 years.
13-16
According to 2 systematic reviews and meta-analysis, 3, 5 initial nonoperative management is superior, with decreased complication and reoperation rates compared with emergency appendectomy. However, there is still major controversy regarding the necessity of an interval appendectomy after successful nonoperative treatment of periappendicular abscess. 3, 5 To our knowledge, there is only 1 published randomized clinical trial comparing nonsurgical follow-up with interval appendectomy, with a small number of patients (N = 60) and an additional third intervention group of patients who received delayed appendectomy during the initial hospitalization phase of the study.
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The aim of this randomized clinical trial, Peri-Appendicitis Acuta (PeriAPPAC), was to test the hypothesis that an interval appendectomy is unnecessary after initial successful nonoperative treatment of a periappendicular abscess, by comparing routine interval appendectomy to follow-up with magnetic resonance imaging (MRI) at 3 months after the initial treatment.
Methods

Design and Ethics
This multicenter noninferiority randomized clinical trial was designed to test the hypothesis that an interval appendectomy is not necessary after initial successful treatment of periappendicular abscess. The trial was conducted in 5 Finnish hospitals (in Turku, Oulu, and Kuopio, and Tampere University Hospitals and Seinäjoki Central Hospital).
The study was approved by the Ethical Committee of Turku University Hospital district and conducted in accordance with the Declaration of Helsinki. All participating patients gave written informed consent. Amendments to the protocol could only be initiated by the coordinating center and the primary investigator. No independent data monitoring committee was established and no interim analysis was stated at study initiation. The interim analysis performed in April 2016 was prompted by clinical suspicion of increased tumor risk in the study population.
Participants
Patients between 18 and 60 years of age who were admitted to the emergency department with a computed tomography (CT) or MRI examination and diagnosed with periappendicular abscess were evaluated for study enrollment after completion of initial nonoperative treatment with antibiotic therapy and abscess drainage, if needed. The exclusion criteria included suspicion of tumor on diagnostic CT or MRI imaging, unsuccessful initial nonoperative treatment, an age younger than 18 years or older than 60 years, pregnancy or lactation, contraindications to CT imaging (eg, allergy to contrast media or iodine, renal insufficiency, or metformin medication), inability to give informed consent, a severe systemic illness, or a previous episode of acute appendicitis treated conservatively with antibiotics.
Randomization
A biostatistician (S.H.) created a computer-generated randomization list separately for each participating center. The randomization was performed in a 1:1 allocation ratio. A research assistant sealed the randomization group into numbered opaque envelopes, and neither the biostatistician nor the research assistant was involved in patient care. After confirmation of patient eligibility and signed informed consent, the research surgeon opened an envelope in numerical order to randomize the patient either to interval appendectomy or to follow-up examinations with MRI.
Interventions
Both interventions were scheduled at approximately 3 months after randomization. Prior to both interventions, a colonoscopy was performed for all patients to rule out a cecal tumor.
Key Points
Question After successful initial nonoperative treatment of periappendicular abscess, is interval appendectomy necessary, or can patients be treated using follow-up examinations with magnetic resonance imaging?
Findings This randomized clinical trial of 60 patients had to be prematurely terminated owing to ethical concerns after an interim analysis revealed a high incidence of neoplasms, resulting in an underpowered trial unable to draw firm conclusions on the primary end point of treatment success at 1 year after the intervention. The neoplasm rate of the whole study population was 20%; the rate in patients older than 40 years was 29%.
Meaning The neoplasm rate after periappendicular abscess in this small study population was high; if this rate is validated by future studies, it would argue for routine interval appendectomy in this context.
Interval Appendectomy
Patients randomized to operative treatment were scheduled to undergo a laparoscopic appendectomy. Conversion to open appendectomy was performed if necessary. Standard antibiotic prophylaxis of 1.5 g of cefuroxime and 500 mg of metronidazole was administered intravenously 30 minutes before incision. All of the removed appendixes underwent histopathological examination.
Follow-up With MRI Imaging
Patients randomized to follow-up examinations underwent an abdominal MRI according to the imaging protocol of the participating hospital. In the case of suspected recurrence or persistent symptoms, the patients were scheduled for either emergency or elective appendectomy, depending on the patient's clinical condition.
Data Collection
Patient outcomes (initial nonoperative treatment including antibiotic therapy and possible drainage, C-reactive protein levels, leukocyte counts, length of hospital stay, and days of sick leave) were assessed during the initial hospital stay. The parameters for treatment interventions were collected either at the time of the appendectomy or after MRI. Follow-up data (complications, abdominal symptoms, and appendicitis recurrence) was collected by telephone interview at 1 week after the interval appendectomy procedure in the relevant group and at 2 months and 1 year after the intervention in both groups. For patients who could not be reached for follow-up, a search of hospital records in each research hospital district was conducted to retrieve information about a possible appendectomy procedure by patients in the MRI follow-up group or any other subsequent hospital visits by patients in either study group.
Primary and Secondary Outcomes
The primary end point was treatment success evaluated at 1 year after the intervention. In the interval appendectomy group, treatment success was defined as both successful appendectomy and uncomplicated recovery (as defined by an overall absence of postoperative morbidity) and in the follow-up group as an absence of recurrent acute appendicitis during the follow-up period. The predefined secondary end points included possible appendiceal or colonic tumors, possible inflammatory bowel disease diagnosis (eg, ulcerative colitis, Crohn disease), the hospital length of stay, and days of sick leave.
Sample Size
The sample size calculation for the trial was based on the primary outcome, assuming that all patients randomized to the surgical group would undergo a successful interval appendectomy procedure. For computations, the success rate for surgery was assumed to be 99%. The findings of prior studies indicate recurrence rates of acute appendicitis of 5% to 20% for follow-up, resulting in anticipated success rate of approximately 85% in the followup group. Because the noninferiority element of this trial was evaluated using the lower limit of 95% CI for treatment efficacy, we used a 75% success rate in the follow-up group as a marginal value and a 24% (95% CI, 99%-75%) noninferiority margin in the sample size calculations. We estimated that a total of 110 patients (55 patients per group) would yield a power of 0.90 (1-β) to establish whether follow-up was noninferior to surgery, with a significance level α of .05. With an assumption of an approximate 10% drop-out rate, our aim was to enroll 122 patients. Sample size calculations were performed using the Power procedure in SAS Systems for Windows version 9.3 (SAS Institute Inc).
Statistical Methods
Summary measurements were presented as means with SD or as median with interquartile ranges (IQRs; 25th and 75th percentiles). 
Results
During the follow-up period, a clinical suspicion of increased tumor risk in the study population prompted an interim analysis not originally included in the study plan. This was performed in April 2016. At the interim analysis, there were 60 randomized patients (49.2% of the original target of 122 patients), and the trial was prematurely terminated owing to ethical concerns based on high tumor incidence. These 60 patients, each of whom had a CT-confirmed periappendicular abscess and a successful initial nonoperative treatment, were randomized from January 2013 until February 2016, with 30 patients in each treatment group. The trial flowchart is presented in the Figure. According to hospital discharge registry diagnosis codes, a total of 396 patients were treated at the participating hospitals for a periappendicular abscess during the study period, and 311 of these patients (78.5%) were evaluated for study enrollment. However, 118 of 311 patients (37.9%) underwent an emergency operation owing to actually being diagnosed with perforated appendicitis with minor fluid collection on imaging or a clinical diagnosis of complicated acute appendicitis without preoperative imaging. (In other words, in these patients, the emergency department diagnosis of periappendicular abscess was inaccurate.) There were altogether 193 patients with CT-diagnosed periappendicular abscess assessed for eligibility.
The patient baseline characteristics are presented in Table 1 . Of the 60 enrolled patients (31.1% of the 193 assessed), 36 were men (60%). The median (IQR) age for the interval appendectomy group was 49 (18-60) years; for the follow-up group, it was 47 (22-61) years.
Primary End Points
At interim analysis, the treatment efficacy in the interval appendectomy group based on the sample size calculation definition was 26 of 30 patients (87%) because 4 asymptomatic patients declined to undergo interval appendectomy as planned. According to the primary end point definition for treatment success in the interval appendectomy group and taking into account the post-operative morbidity, the treatment success was 23 of 30 (77%) because 3 patients (10%) had postoperative complications. The treatment efficacy in the follow-up group was 77% because 7 of the 30 patients in the follow-up group (23%) experienced recurrent symptoms. The difference between the treatment groups concerning treatment success was 0% (95% CI, −21% to 21%).
In the interval appendectomy group, 23 of the 30 patients (77%) were operated on laparoscopically, with 3 conversions to laparotomy owing to technical difficulties, and all but 1 procedure (an ileocecal resection) were appendectomies. Four asymptomatic patients declined surgery, including 2 after colonoscopy, but the other 2 patients also declined colonoscopy and none of these 4 asymptomatic patients underwent follow-up imaging at 1-year follow-up. If they remain asymptomatic, these patients are scheduled to undergo the follow-up examination scheduled for patients in the follow-up group (at 3, 5, and 10 years). Altogether, 23 patients in the interval appendectomy group underwent colonoscopy, and colon adenomas outside the cecum were detected in 3 patients (including 2 low-grade dysplasias and 1 high-grade dysplasia). Complications associated with interval appendectomy consisted of 1 superficial wound infection, 1 incisional hernia, and 1 deep surgical site infection requiring radiological drainage. The patient with the deep infection also had right-sided hydronephrosis, which subsided without intervention. The patient with the incisional hernia is currently awaiting a hernioplasty procedure.
In the follow-up group, 10 patients (33%) had undergone appendectomy at the interim analysis. Seven patients (23%) were operated on for recurrent appendicitis. Five patients underwent an emergency operation, and 2 patients underwent elective appendectomy. In 4 of 5 (80%) of these emergency appendectomies, histopathological examinations revealed both acute appendicitis and a neoplasm; in the other patient, it revealed acute appendicitis. The 2 patients with elective appendectomies had reactive changes and subacute appendicitis on histopathological examination.
Three of 10 patients with appendectomy at interim analysis were operated for tumor suspicion at follow-up imaging. On histopathological examination, 1 of these patients had chronic appendicitis and 1 had a sessile serrated adenoma. The third patient unintentionally underwent a CT instead of MRI at follow-up, and she was diagnosed with a cecal tumor with metastases in both lungs. Her primary CT at periappendicular abscess diagnosis were retrospectively evaluated, and the pulmonary metastases in the right lung were already visible in the CT taken during the first hospital stay 3 months earlier, indicating disseminated disease already at the study enrollment. The cecal tumor was not visible in the primary CT scan owing to the periappendicular abscess. This patient underwent a palliative right hemicolectomy after initial chemotherapy; in addition to the cecal adenocarcinoma, a sessile serrated appendiceal adenoma was diagnosed on histopathological examination. In the follow-up group, a total of 23 patients underwent a colonoscopy, and hyperplastic polyps were detected in 1 White blood cell count per μL 11 700 (6100-20 400)
14 100 (8800-24 400)
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Size of abscess, patient. Characteristics of all the patients in the follow-up group who had been operated on are presented in detail in Table 2 .
Secondary End Points
At interim analysis, the incidence of neoplasms in the whole study population was 17% (10 of 60) and the neoplasm rate in patients older than 40 years was 24% (10 of 41). All neoplasms were diagnosed in patients older than 40 years, with a median age of 53 years (range, 40-61 years). At study termination, all the patients randomized to the follow-up group were reevaluated, and laparoscopic appendectomy was recommended to all, with a special emphasis on patients older than 40 years. Of the 20 patients in the follow-up group, 3 were lost to follow-up, leaving 17 patients for reevaluation. Ten of these 17 patients (59%) underwent surgery, resulting in a total of 20 patients in the follow-up group (67%) undergoing surgery. In these procedures, 2 more neoplasms (low-grade appendiceal mucinous neoplasms [LAMNs]) were diagnosed; these 2 patients have been asymptomatic at the follow-up examination. The characteristics of the patients operated on in the follow-up group after interim analysis are shown in Table 3 .
After study termination and reevaluation of the follow-up group, the overall incidence of neoplasms in the study population was 12 of 60 (20%), and the rate of neoplasms in patients older than 40 years of age was 12 of 41 (29%). The characteristics of the all patients with neoplasms are shown in detail in Table 4 . The rate of neoplasms in all patients who were operated on was 12 of 46 (26%). In patients older than 40 years who were operated on, the rate was 12 of 34 (35%), because all neoplasms were diagnosed in patients older than 40 years.
Five asymptomatic patients with normal abdominal MRI results who had been in the follow-up group, including 2 older than 40 years, refused appendectomy, even though the risk of neoplasm was thoroughly explained. Four of 5 patients (80%) underwent a follow-up colonoscopy with normal findings, but the fifth, a 22-year-old patient, also refused the colonoscopy. Two asymptomatic patients (both younger than 40 years) refused any further interventions, including MRI examinations.
In the patients operated on after the interim analysis, there was 1 infection of a superficial wound treated with antibiotics. The overall morbidity rate in all appendectomies performed (26 in the interval appendectomy group and 20 in the follow-up group) was 4 of 46 (9%). There was no intervention-associated mortality. In addition, no patients were diagnosed with inflammatory bowel disease. The median (range) hospital length of stay for initial treatment of periappendicular abscess was 3 days (1-17) days. After initial treatment, the median (range) hospital stay for patients for the 17 patients undergoing surgery who were in the group that had received interval appendectomy procedures was 1 (1-8) days and that of group that had received follow-up was 1 (1-6) days.
Discussion
The hypothesis of this Peri-APPAC randomized trial was that an interval appendectomy is not necessary after initial successful nonoperative treatment of a periappendicular abscess. However, during trial enrollment, the high incidence of appendiceal tumors in the study population alarmed the researchers, prompting an interim analysis to be performed in April 2016, and the trial was ceased on February 14, 2016, to complete this analysis. Based on the results, including a 17% rate of appendiceal tumors in the study Research
population, the trial was prematurely terminated based on ethical concerns. All the patients in the follow-up group were reevaluated, and surgery was offered and recommended to these patients. After this assessment and additional appendectomies, 2 more tumors were diagnosed, resulting in a rate of neoplasms of 20% in the whole study group. All cases were diagnosed in patients older than 40 years, and the neoplasm rate in this age group was 29%. Based on the premature termination of this trial, we failed to reach the intended sample size, which left our study underpowered to draw conclusions on the initial primary end point. However, the predefined secondary end point of appendiceal tumor rate strongly overrides the primary end point in clinical significance and ethical surgical practice. Based on high appendiceal tumor rate in patients older than 40 years, the study hypothesis of avoiding interval appendectomy in this patient group should be approached with extreme caution. The rate of appendiceal neoplasm in patients older than 40 years should be further evaluated in prospective patient cohorts undergoing interval appendectomy because interval appendectomy is generally well tolerated and obliterates the risk of missing a possible tumor.
Neoplasm rates associated to acute appendicitis are very low, varying between 0.7% to 1.7% in large series of appendectomies, including patients with uncomplicated and complicated acute appendicitis.
12,18 Increasing evidence from randomized clinical trials suggests that most patients with uncomplicated acute appendicitis can be treated safely with antibiotics with low tumor rates, avoiding unnecessary surgery and resulting in decreased morbidity and cost savings. [19] [20] [21] The essential factor is to acknowledge the 2 different forms to acute appendicitis; the differential diagnosis between complicated and uncomplicated acute appendicitis is of vital clinical importance. Appendicitis is a similar condition with acute diverticulitis, which can also be graded as uncomplicated and complicated, with an increased risk of colon cancer up to 11.4% in patients with acute diverticulitis and an abscess on CT scan.
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There are contradictory results regarding the rate of appendiceal tumors in patients with complicated acute appendicitis, and this may be based on the varying definitions of complicated appendicitis. According to a systematic review, 3 ,19 the rate of malignant tumors in patients who were diagnosed with acute appendicitis and an inflammatory appendiceal mass (1.1%) was similar to the rates of tumor in patients with uncomplicated acute appendicitis cases (1.5%). In a recent systematic review of retrospective cohort studies involving 13 244 patients with acute appendicitis, the overall appendiceal tumor rate was 1% after appendectomy, but in patients presenting with appendiceal inflammatory mass, the neoplasm rate varied from 10% to 29%. 13 Alarming rates of appendiceal neoplasms at interval appendectomy procedures after initial conservative treatment of periappendicular abscess or phlegmon have also been reported in retrospective patient case series.
14-16,23
The proportion of mucinous neoplasms (LAMN or mucinous adenocarcinoma) varied between 20% and 100% in the analyzed retrospective studies.
13 This is in accordance with the current trial because 42% of all neoplasms in this study were LAMNs. All tumors associated with periappendicular abscess always present with tumor perforation, creating an extraluminal abscess that carries an inevitable risk of peritoneal dissemination. This is strongly contradictory to promoting operative treatment of periappendicular abscess in the acute phase of the disease 10 because this would transform a restricted tumor perforation to an unlimited ; in 80% of the patients with peritoneal dissemination, CT results were negative and occult peritoneal disease was identified only by laparoscopic examination. 24 In this study population, 2 cases of appendiceal malignant conditions were diagnosed only after recurrent symptoms at the time of appendectomy, despite these patients undergoing both MRI and colonoscopy examinations. This is in line with the previous results 24 and further supports the need for interval appendectomy, regardless of normal imaging findings and the absence of symptoms.
The strong elements of this study include the randomized multicenter nature, the CT scan-confirmed diagnosis and the follow-up imaging with MRI. The premature termination of the study can also be evaluated as a strength; the secondary end point of an alarmingly high appendiceal neoplasm rate associated with periappendicular abscess is of vital clinical importance.
Based on the study findings, we believe that appendectomy in the acute phase should be approached with caution, at least in patients older than 40 years, and interval appendectomy should be resourced with adequate expertise to determine the correct surgical procedure required to avoid unnecessary secondary interventions. In addition, possible future trials that include a follow-up arm after periappendicular abscess should consider excluding patients older than 40 years based on the high risk for appendiceal neoplasm in this study group. However, follow-up after periappendicular abscess may still be worth exploring for asymptomatic patients who are younger than 40 years.
Limitations
This study has several limitations. The major limitation is the small number of patients, which was the result of premature termination of the study after interim analysis based on clinical suspicion. In addition, no interim analysis was originally planned, which was a weakness in the trial protocol. Because the enrollment fell far from the sample size calculation, this ethically inevitable premature termination resulted in an underpowered trial and thus inconclusiveness of the trial hypothesis and primary end point.
Other limitations include the recruitment period, which was longer than anticipated, and the suboptimal recording of the data on the excluded patients; all potentially eligible patients were not evaluated for the study. These limitations were based on the acute care surgery setting of the multicenter trial, which had busy acute care surgery wards and recruitment by senior research surgeons with limited time availability.
Another limitation is the lack of standardization of the follow-up MRI protocols between the study hospitals. However, this most likely had very limited effect because these imaging protocols in Finnish tertiary hospitals are very similar.
Conclusions
In conclusion, the overall rate of neoplasms after a periappendicular abscess in this study was high. Until further information is available from future studies, we suggest careful evaluation of interval appendectomy, at least in patients older than 40 years. If this high rate of neoplasms after periappendicular abscess is validated by future studies, it would argue for routine interval appendectomy in this context. the concept further to perforated appendicitis. In a randomized clinical trial published in this issue of JAMA Surgery, 2 they address the need for interval appendectomy after initial successful nonoperative treatment of periappendiceal abscess. Despite the absence of a data safety monitoring board, which is a standard for trials testing new treatments, 3 the authors detected clinical and ethical concerns and stopped the trial before its intended end. We congratulate the authors on the clinical vigilance that prompted an unplanned interim analysis.
The overall rate of undetected appendiceal tumors was 20% (12 of 60), with higher incidence in the follow-up group We agree with the authors' conclusions that the only way to exclude appendiceal neoplasms with a definitive histopathological diagnosis to date is by routine interval appendectomy after conservative treatment of periappendiceal abscess. Surveillance after drainage could result in missed tumors and delayed cancer treatment. . In some patients with complicated acute appendicitis, the inflammation progresses quickly to perforation and generalized peritonitis. In other patients with appendiceal perforation, the perforation is enclosed resulting in the formation of a periappendicular abscess. Out of all patients with acute appendicitis, 3 to 10 % present with a periappendicular abscess 3 4 . The risk of perforation has been shown to increase if the duration of the symptoms exceeds 36 hours or if the appendiceal lumen is blocked by an appendicolith 5 6 . The traditional management of periappendicular abscess is non-operative treatment with antibiotics followed by a prophylactic interval appendectomy.
Diagnosis of periappendicular abscess
Suspicion of a periappendicular abscess arises, when typical symptoms of appendicitis have lasted over three days. Fever, significantly elevated CRP levels and a lower right quadrant abdominal pain are typical symptoms, but finding a palpable mass is challenging, especially in obese patients. Symptoms and findings can be atypical and in those occasions, the diagnosis may be defined at operation, if no preoperative imaging studies have been performed. The development of imaging modalities have markedly improved the diagnosis of periappendicular abscess. Computed tomography (CT), magnetic resonance imaging (MRI) and ultrasound have all enabled rapid diagnosis.
Treatment of periappendicular abscess
Acute surgical treatment of periappendicular abscess can be technically challenging due to inflamed tissues and altered anatomy and the closure of the appendiceal stump may be challenging. In the acute phase, periappendicular abscess might even simulate a tumor and lead to unnecessary ileocecal resection or even right sided hemicolectomy. Acute surgical treatment of periappendicular abscess is associated with a threefold increase in complication risk when compared to initial conservative treatment 3 7 .
Due to the increased risk of complications, the standard treatment of a periappendicular abscess has been antibiotic therapy combined with drainage, if necessary. An interval appendectomy has often been scheduled to avoid possible recurrent appendicitis. The need for an elective interval appendectomy has been questioned based on the associated morbidity and reported low recurrence rates. Reported recurrence rates vary between 7-14%, but after the first year, the risk decreases to 2% 3 8 . Recurrence may be predicted in patients with a CT -confirmed appendicolith and these patients can be treated with interval appendectomy. When taking into consideration the reported complication rates of elective interval appendectomy (11-18%) 3 9 , a routine interval appendectomy may not be necessary for all patients. Elective interval appendectomy has also been advocated in order not to miss a possible neoplasm. However, this neoplasm rate is reported to be only 2 % and the majority of neoplasms are found in patients over 40 years of age. To exclude a neoplasm, patients should however undergo imaging with MRI or CT as well as colonoscopy 3 7 .
Significance of the study
This prospective, randomized PeriAPPAC study was initially intended to be performed in concurrence with the APPAC-study comparing the conservative treatment of appendicitis (antibiotics) with operative treatment (appendectomy). However, the recruitment of APPAC study patients was already completed in June 2012 prior to initiation of the PeriAPPAC trial and the patients will be recruited in PeriAPPAC without concurrently ongoing APPAC study. PeriAPPAC study has notable significance, as if the study hypothesis is confirmed, a significant part of routine interval appendectomies could be abandoned in the future. This would avoid morbidity associated to surgical treatment as well as reduce health care costs. Results would be significant as to our knowledge there is only one previous randomized study with small study population (n=20) assessing the need for interval appendectomy after initial conservative treatment of periappendicular abscess 10 .
Study aims and endpoints
The purpose of this randomized prospective study is to compare interval appendectomy to follow-up with MRI-imaging in patients with initially successfully managed periappendicular abscess. The primary endpoint is the treatment success evaluated at one year after the intervention. In the interval appendectomy group treatment success was defined as both successful appendectomy and noncomplicated recovery (overall postoperative morbidity) and in the follow-up group as absence of recurrent acute appendicitis during follow-up period. The predefined secondary endpoints included possible appendiceal or colonic tumors, possible inflammatory bowel disease diagnosis (ulcerative colitis or Crohn's disease), the length of hospital stay and sick leave, and treatment costs.
Study hypothesis
Interval appendectomy may not be necessary for all patients after initial successful treatment of periappendicular abscess due to low recurrence rate, i.e. avoiding unnecessary appendectomies.
Patients and methods
All patients with a periappendicular abscess will be evaluated for study enrollment. Main research hospital is Turku University Hospital and other research hospitals are APPAC research hospitals Oulu University Hospital, Tampere University Hospital, Kuopio University Hospital and Seinäjoki Central Hospital. The recruitment goal for each treatment arm according to initial power analysis is a minimum of 55-100 patients to form a minimum size of 110 patients in the whole study population.
Inclusion criteria
Age 18 to 60 years CT-or MRI-confirmed periappendicular abscess after initial successful conservative treatment with antibiotics and/or drainage, if necessary.
Exclusion criteria
Suspicion of a neoplasm at CT-or MRI-imaging Age under 18 years or over 60 years Pregnancy or lactating Allergy to contrast medium or iodine Renal insufficiency, elevated creatinine level Diabetes mellitus with metformin medication Unsuccessful initial conservative treatment of periappendicular abscess (i.e. appendectomy or other bowel resection including the appendix) Lack of co-operation (unable to give informed consent) Severe systemic illness Previous non-operative management of acute appendicitis
The PeriAPPAC study flow
All patients presenting at the surgical emergency department with a suspected periappendicular abscess will undergo laboratory tests (CBC, CRP, electrolytes, urine analysis, pregnancy test for the female patients) and they undergo CT-imaging after the laboratory tests are available. A MRI diagnosis is also accepted for study inclusion, but ultrasound-diagnosis is not sufficient for study enrollment. During work hours, the image is interpreted by consultant radiologist or resident radiologist. During on call hours, the image is interpreted by on call radiologist. The CT scan is made according to APPAC protocol and in the report is given with preapproved criteria.
If the CT diagnosis is periappendicular abscess and the patient doesn't have symptoms of peritonitis, the patient is started with i.v fluids and antibiotics and admitted to surgical ward. Antibiotics are continued as long as patients' clinical state allows discharge. If deemed necessary, the abscess may be radiologically drained. If the clinical condition deteriorates and there is suspicion of peritonitis, an emergency appendectomy is performed according to normal treatment protocol. At discharge, per oral antibiotics are continued for a week according to normal treatment protocol.
Randomization
At the time of patient discharge, i.e. after successful initial non-operative management, the research surgeon informs the patient of the study and written informed consent is obtained. After consent, the patient is randomized using sealed opaque envelope method to either the follow-up with MRI imaging treatment arm or the interval appendectomy treatment arm. Research surgeon fills out the initial research form, which is kept in locked filing cabinet. Patient is given approximately a week of sick leave and advised to contact in case of recurrent symptoms.
Follow up with MRI
A colonoscopy and a MRI are performed at three months from initial discharge to exclude neoplasies. If a suspicion of a malignancy arises, patients are treated according to standard principles of surgical oncology.
If a patient in follow up treatment arm presents with suspected recurrent appendicitis, they are managed with standard preferably laparoscopic appendectomy and the removed appendix will undergo standard histopathological assessment. If a patient presents with recurrent abscess, the acute phase is treated as necessary to clinical condition and followed by an interval appendectomy.
Interval appendectomy
A colonoscopy is performed at three months preceding the interval appendectomy. Laparoscopic approach is used at all times if possible. The removed appendix will undergo standard histopathological assessment.
The post-operative protocol is managed as usual and the patient will be discharged based on when clinical condition, usually either 1 st or 2 nd post-operative day. A research form is filled at discharge, which is kept in a locked filing cabinet. Sick leave is written as needed, usually 1-3 weeks. Suture removal is advised in primary healthcare, and pain medication prescription is written as needed.
Study Follow-up
Follow-up is organized and followed by the research surgeons of the each participating hospital. The patients are contacted at two months and one year. Long-term follow up is done with either patient interviewing form via postal service or with telephone questionnaire at 3, 5 and 10 years.
Statistical analysis and reporting of results
The sample size calculation for the trial is based on the primary outcome assuming that all patients randomized to surgical group would undergo a successful interval appendectomy. For computational reasons, the success rate for surgery is assumed to be 99%. The findings of prior studies indicate recurrence rates of acute appendicitis of 5-20% for follow-up resulting in anticipated success rate of approximately 85% in the follow-up group. Because the non-inferiority is evaluated using the lower limit of 95% confidence interval of treatment efficacy, we use 75% success rate in follow-up group as marginal value, and a 24% (99%-75%) non-inferiority margin is used in the sample size calculations. We estimate that a total of 110 patients (55 patients per group) would yield a power of 0.9 (1-) to establish whether follow-up group is not inferior to surgery using a significance level of 0.05. With approximately 10% drop-out rate our aim is to enrol 122 patients.
Ethical considerations
The purpose of the study is to compare interval appendectomy to follow-up with MRI in patients with initially successfully conservatively managed periappendicular abscess. Interval appendectomy is a common treatment strategy, even though the need of a subsequent interval appendectomy has been questioned in a few retrospective studies. No large prospective, randomized trials have been reported. If study hypothesis is confirmed, patients would avoid unnecessary surgical treatment decreasing the associated morbidity and resulting in cost savings.
To accurately diagnose patients with periappendicular abscess, a CT or a MRI needs to be used. To avoid unnecessary radiation, children and pregnant women are excluded from the study, as well as patients with allergies or renal insufficiency.
The primary conservative treatment of periappendicular abscess with antibiotics is current clinical practise and based on the clinical condition of the patient; if there are no signs of peritonitis, the treatment is initially non-operative. Non-operative treatment is safe to patients as adequate follow up is available and a change in treatment protocol is available, if clinical condition changes.
To reduce the risk of missing a diagnosis of a malignant disease (cecal neoplasm), all research patients in both treatment arms are performed a colonoscopy. Interval appendectomy patients have available histopathology of the removed appendix and the follow-up group patients undergo a MRI.
S a i j a H u r m e
PeriAPPAC -study, sample size calculations
The study wants to show that the treatment success is not significantly inferior in the follow up group to that of the treatment success in the operative intervention group.
Zero hypothesis and alternate hypothesis:
H0: The treatment success in the follow up group is significantly inferior to that of in the operative intervention group (the definition of significantly inferior is set to be 25-30 percentages inferior treatment success).
H1: The treatment success in the follow up group is not significantly inferior to that of in the operative intervention group.
Alpha limit is set as 0.05 (the limit of significant p-value used) and the test power value (1-) is set as 0.9
The assumption is made that operative treatment success is very close to 100%. To take into account that in some patient operative treatment could fail, in calculations 99% is used (treatment success in operative intervention group) The assumption is made that in the follow up group the treatment success is 85% (treatment success in the follow up group). The follow up groups success rate and operative intervention groups success rate is allowed to differ 24% or 29% (margins), thus the lower limit of follow up groups treatment success rate is set between 75 or 70% (lower limit). Total sample size is set 110-138 which sets 55-69 per treatment group. Drop out estimate considered, n=122. 
